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Abstract: This report presents some results of application of Kriging method to produce earthquake hazard maps 
of Owari-Asahi city. In this practical application, it is found that the spatial distribution of strong ground motions 
can be clearly estimated by the modification method proposed by the authors.  
 In fiscal year of 2015, the city made a decision to adopt the modification method proposed by the authors for 
providing the hazard and damage estimation map. By this method, strong ground motions can be estimated 
accurately at a minimum costs. Because the Kriging analyses can also provide quantitatively the estimation errors, 
the low accurate estimation areas can be found at a glance in the all area. Such hazard maps have been created by 
covering their areas with numbers of meshes of which sizes are such as 250meters square less or more, and the 
strong ground motion intensities are indicated for each mesh. Strong ground motions are, however, more desired 
to be estimated at each construction site than for those large size meshes. Large meshes cannot provide 
information detail enough to plan earthquake countermeasures. On the other hand, when the meshes are reduced 
in size, it requires a large amount of time and costs, because the ground layered systems must be modeled for all 
the meshes. It also should be noted that the amount of information about ground conditions and soils in the city is 
not increased by reducing the size. Simple adoption of small size meshes would lead us to create an expensive but 
not adequately accurate hazard map. Recently, some advanced numerical analysis methods, such as based on three 
dimensional finite element methods (FEM), are developed to estimate soil behaviors highly accurately. The 
methods, however, need very accurate soil parameters and detail boundary conditions; yet, either of them is hardly 
available in a whole city. Such advanced numerical methods can be effectively utilized for only particular places, 
but not for all over a city  
While the authors guide the experts to accomplish the project, some sample computations are antecedently 
performed to estimate the spatial distribution of the strong ground motions, using sample ordinary boring 
investigation data and one-dimensional earthquake response analyses. As a result, the authors found that the only 
one proposed parameter of explanatory variable can work as well as tens of number of explanatory variable in the 
sample statistical analysis to estimate the stochastic field of the strong ground motions. 
 








































































































































































































































































































hhCC ji huu (2) 





???????? ????????? ???? ??????
????? ? ?????????????????
???? 
     
     



































































μ={μ(u1)? ?? μ(un)}T ????μ(ui)??????
??????? fk(ui) (k=0?…?K)????????
????? f(ui)???????? bk (k=0?…?K)?
???????????? b???????? ui?
???????????????????????? 








uu  (6) 
?????f(ui)???????????? 
      
T




Kbb ,,0 b  (8) 
??? X????????????????? 
     
     














































?????? z ???????????????? 
ℓ ??????????????????????
?????????(?????? μ(u)???????

















   









































































































































































    iii yz $! uu    (16) 
??? εi????????? i ????????




























* uu &  (20) 
?????????????????? C’????
???????????? 








































? C ??????? C’??????????AIC
???????????????????????
???????????? σi2??????????
























  zλu TZ 00ˆ  (23) 
    00000
2
0σ mνuuu
TC   (24) 
????λ0???????? u0???????
????????? 
    
T































m  (27) 
??????? c(u0)??u0??????????
?????? 
      
T
nCC 0010 ,,u uuuuc    (28) 
????????????? f(u0)???(6)???
? u0???????????????? 
      
T
Kff 0000 ,...,u uuf   (29) 
?????m0????????? c(u0)?????
?????? f(u0)????????? 































































































































???? ??????? ? ? ??????????
?
?


































???? ??????? ? ? ??????????
?
?


































???? ??????? ? ? ??????????
?
?































[1] Akaike, H.: Information theory and an extension of 
the maximum likelihood principle, 2nd International 
symposium on Information Theory, edited by B.N. 
Petrov and F. Csaki, pp.267-281, Akad. Kiado, 
Budapest, Hungary, 1973. 
[2] Akaike, H.: Likelihood and Bayes procedure with 
discussion, Bayesian Statistics, edited by J.M. 
Bernardo et al., pp.143-166, 185-203, Univ. Press, 
Valencia, Spain, 1980. 
[3] Akaike, H.: Selection of prior distribution and its 
application, Bayesian, Statistics and Its 
Applications, (in Japanese) edited by Y. Suzuki and 
N. Kumamoto, pp.81-98, Univ. of Tokyo Press, 
Japan 1989. 
[4] Honjo, Y. and Kazumba, S.: Estimation of 
autocorrelation distance for modeling spatial 
variability of soil properties by random filed theory, 
Proc. of 47th Geotechnical Symposium, The 
Japanese Geotechnical Society, pp.279-286, 2002 
[5] Krige, D.G.: A statistical approach to some mine 
valuation and allied problems on the Witwatersrand, 
Master’s thesis, University of Witwatersrand, South 
Africa, 1951. 
[6] Matheron, G.: Traie de geostatistque appliqué, 
Technip, Paris, Vol.1 (1962), Vol.2 (1963) edition, 
1962. 
[7] Matheron, G.: Principles of geostatistics, Economic 
Geology, Vol. 58, pp.1246-1266, 1963 
[8] Michiyo Sugai, Yuichiro Nishimura, Susumu 
Kurahashi, Haruna Yamada, Sayaka, Tomida?
Detailed Scale Ground Motion Maps with the 
Highest and Guaranteed Accuracies and it's sharing 
using Web-GIS with the Local Government and the 
Community, Proc. of 15WCEE, 15th World 
Conference of Earthquake -, Lisbon, Portugal, 
2012.9, Abstract submitted  
[9] Michiyo Sugai, Yusuke Honjo?Introduction to a 
new methodology, to develop earthquake ground 
motion prediction maps and their accompanying 
accuracies ? International Symposium on 
Earthquake Engineering - Commemorating Tenth 
Anniversary of the 1995 Kobe Earthquake (ISEE 
Kobe 2005), Engineering Seismology “Simulation 
of strong ground motions and seismic hazard 
assessment”, Kobe/Awaji, January 13 - 16, 2005  
[10] Michiyo Sugai? Some Sensitivity Analyses of 
Probability of Earthquake Occurrence to Some 
Design Parameters? Proc. of the International 
Workshop Kamakura 2002, 11-12 April 2002 
Hayama, Japan.  
[11] Wackernagel, H. 2003, Geostatistic, the 2nd edition 
(translated into Japanese) Morikita Shuppan 
[12] ????????????????2005.3 
[13] ?????????????????????
????????????????????
????????????????????
?????????????????????
?????? 
[14] ?????????????????????
????????????????????
????????????????????
????????????????????
?????????? 
 
???????????
??????????????????????
????????????????(?)??????
(?)??????????????????(?)??
?????????????? 
(?)? ????? 
????(?)????????????(?)???
??????????????????(?)???
???????????????????????
???????????????????????
???????????????????????
?? 
(?)??????????? 
1. ????????? 
???????????????????????
???????????????????????
???????????????????????
??????????????????(?????
???????)????????????????
尾張旭市の高精度地震動マップに関する実務的空間統計解析結果について
地震動計測による地震動予測マップの精度保証と高精度化に向けて
??
??????????????????????????????????
?????????????????????????????? 
????????? KiK-NET???????????
???????????????????????
???????????????????????
???????????? 
???????? 
??????????????????????
???????????????????????
????(??)??????????? 
2. ???????????? 
??????????????????????
??(??)??????????????????
???????????????????(?????
???????)????????????????
???????????????????????
???????????????????????
????????????????????????
??????? 
3. ???????????? 
??????????????????????
???????????????????????
?????????? 
4. ?????????????????????
?? 
??????????????????????
???????????????????????
???????????????????????
???????????????????????
???????????????????????
??????????? 
(?)???????????????????? 
???????????????????? 
1. ?????????????????????
?????????????????????
?????????????????????
 
??? ???????????
 
????????????????????
??????
?????(??)
???????
????????
??????
?????(??)
??????
??????
(???KiK-NET)
??????????
(????????)
??????????
??????????
????????
???????????
????????????
(???????)
???????
???????
??????????????
(????????????)
(????????)
??????????????
(????????????)
(??????)
???????
?????(??)
????????????
?????
(??????????)
????
???(??)
????
??????
(??)
????????????
?????
(??????????)
????
???(??)
????
??????
(???KiK-NET)
??????????
(??????)
????????
????
?????
???????? ??????
?????????????
(???????????)
???????(??)?
?????????
??????
?????????
????
??????
???????????
?
?
?
?
?
?
?
?
?
?
??
?
?
?
?
?
?
?
?
21
22
23
24
25
尾張旭市の高精度地震動マップに関する実務的空間統計解析結果について
地震動計測による地震動予測マップの精度保証と高精度化に向けて
??
??????????????????????????????????
?????????????????????????????? 
?????????(??????)?????
?????????????????????
????????? 
??????????????????????
???????????????????????
???????????????????????
(??)????????????????????
????????????????????? 
2. ??????????????(??????
??)????????????? 
??????????????????????
?????(??)???????????????
???????????????????????
???????????????????????
??????????? 
3. ??????????(????????) 
??????????????????????
???????????????????????
???????????????????????
????????????????GIS ?????
???????????????????????
?????? 
 (?)?????????????????? 
1. ??????????? 
??????????????????????? 
2. ????????(?????????)??? 
??????????????????????
??? KiK-NET????????????????
????????????????????? 
3. ????????? 
??????????????????????
???????????????????????
???????????????????????
(??)????????????????????
????????????????????? 
4. ?????????????? (?????
?)????????????? 
?21?????????????????????
?????(??)??????????(??)?2?
??????????????????(?????
??=0)????????????????????
???????????????????????
???????????????????????
????????? 
5. ??????????(??????) 
?22???21??????????????????
???????????????????????
??????????? 
(?)? ????????????????? 
?a?? ????????????? 
?23???????????????????????
???????????????????????? 
?b?? ???????????????????
??? 
?24???????????????????????
?25??????????????????????
??????????????????? 
?c?? ???????????????? 
????????21??22?????????????
???????????????????????
???????????????????????
????????????????????????
???????????????????????
???? 
??????????????????????? 
(?)? ????????????????????
??????GIS???????????????
? 
???????????????????????
???????????????????????
????????????????????????
???????????????????????
?????????????????????(?
?)??????????????????????
???????????????????????
?????????????GIS????????
???????????????????????
???????????????????????
?????????????GIS????????
???????????????????????
???????????????? 
 
尾張旭市の高精度地震動マップに関する実務的空間統計解析結果について
地震動計測による地震動予測マップの精度保証と高精度化に向けて
